In this paper we study global inequality in well-being taking as a reference the Human Development Index. One of the main changes applied to this indicator was the substitution of the arithmetic mean for a geometric mean in the construction of the index, thus assuming different substitution grades between dimensions. In order to determine the impact of the aggregation formula in the distribution of the HDI, we propose the use of multidimensional generalized entropy measures, which allow us to study the evolution of well-being inequality based on different aggregation schemes. The results obtained suggest a reduction in global inequality in human development over the period 1980-2011. However different inequality patterns are observed depending on the substitutability parameter, thus pointing out the crucial role played by the aggregation formula of composite indices of well-being in the evolution of global inequality.
Introduction
The evolution of global inequality has received large amount of attention from the academic world. In the middle of last decade, the focus of the literature changed from income perspective to multidimensional conception of well-being, which also considers non-income dimensions. In this context the Human Development Index (HDI) emerges as an indicator conceived to provide more comprehensive information than income alone. In particular, it assesses achieved human development levels through the quantification of three dimensions: income, health and education.
It should be recalled that, the construction of the HDI has attracted many criticisms throughout its history and some of them have been incorporated into the index. Accordingly, this indicator has suffered several changes in the variables used, maximum and minimum levels as well as in its construction. One of the main modifications has been applied in the 2010 Human Development Report which stated that the geometric mean would be replaced by the arithmetic mean in de construction of the index (UNDP, 2010). The traditional simple average is not considered representative since the components of the index are regarded as perfect substitutes, thus implying that the marginal rate of substitution is constant. This axiom can lead to incongruent results, in the sense that the maximization of the HDI in a society may lead to corner solutions, promoting one dimension and disregarding others (Klugman et. al, 2011) . The formula introduced in 2010 marks a conceptual change concerning the relationship between dimensions which seems to represent the concept of human well-being more appropriately.
The HDI as a measure of human development has been subject of several studies of inequality, which conclude that inequality in human development has continuously declined over time (McGillivray and Markova, 2010; McGillivray and Pillarisetti, 2004; Pillarisetti, 1997) . Martínez (2012) also studies the evolution of well-being inequality based on the new construction of the HDI and its prior version, concluding different patterns for both indicators, especially when the Kolm index is used. Thus, the evolution of the wellbeing inequality is strongly influenced by the aggregation formula.
Consequently, in this paper we study inequality in human development using a class of multivariate inequality measures which allow us to state different substitutability grades between dimensions.
Methodology
Consider that human well-being is characterised by m dimensions assessed in n countries. These values are included in the nxm distribution matrix X in m n x , where each element x ik is the value of the attribute k in the country i. Since we are using the HDI as a benchmark, x ik are standardised by its observed maximum and the so called level of subsistence 1 . Thus we define g k (x ik ) as the transformed elements which are integrated in the standardised matrix G.
To assess multidimensional well-being inequality, we use the two step procedure proposed by Maasoumi (1986) . First, different dimensions are aggregated for each individual using a generalised mean of order -β, which was interpreted by Maasoumi as the well-being indicator for person i: Subscript min refers to the subsistence level which is fixed in zero for education variables, 100$ for income and 26 years for life expectancy. Conversely, subscript max denotes the maximum values observed which are 13.1 and 18 years for e1and e2 respectively, 107721$ for income and 85 years in the case of health dimension. , , , 1 ) (
where δ k is the weight assigned to each dimension in the construction of the index. Taking the HDI as a benchmark, we apply an equal weighting scheme hence this parameter is fixed in 1/3.
It is worth pausing for a moment to analyse the role played by the parameter β which determines the degree of substitution between dimensions. It can take values from -∞ to ∞ with different interpretations of the relationship between dimensions and global well-being. As extreme cases, we emphasise β = -1 implying that the dimensions are treated as perfect substitutes, corresponding with the old HDI. In contrast, when β tends to -∞, the components are viewed as perfect complementary, thus only homogeneous achievements in all components counts. Between the previous two situations we have infinity of intermediate options. It must be highlighted that if the value of the parameter is set to 0, s i corresponds with the new HDI constructed using a geometric mean, thus expressing Equation (1) as:
Furthermore, if this parameter takes positive values, a good performance in any dimension would mask even extremely low achievements in the other ones. It is clear that this assumption is absolutely incongruent with the theoretical framework of human development. Notwithstanding this controversy, we have also considered positive values for this parameter in order to study the sensibility of the multidimensional inequality to different aggregation schemes.
For the second step, inequality indices of the Generalised Entropy (GE) class are used to quantify wellbeing inequality:
where S is the arithmetic mean of the s i values and γ is a sensitivity parameter indicating the weight assigned to distances between well-being values in specific parts of the distribution. In this study the parameter value is set to -1, 0 and -1.5. For the parameter values 0 and -1, the generalised entropy measures are represented, respectively, by the following expressions: 
Data and Results
In this section we use the methodology described above to investigate global inequality patterns of wellbeing as well as the role played by the aggregation formula in explaining the evolution of its distribution. We use the most recent available data from International Human Development Indicators (UNDP, 2012) on the three components of the HDI. We cover the period 1980 to 2010 with different frequency of the data. For the period 1980 to 2005 we have 5-years intervals and from 2005 to 2011 the data have annual frequency.
As we inferred previously, since different parameter values assume diverse relationships between dimensions, different well-being distributions would be observed. This theoretical implication is supported by Fig. 1 , which present kernel density estimates of s i distributions computed using a Gaussian kernel with optimal bandwidth (Silverman, 1986) . It is observed that the distributions of the old HDI and its new version are really similar thus implying that the changes applied to this indicator in 2010 have not affected its distribution significantly. However, for extreme parameter values, different features are observed. Note that when complementary relationship gains force (β = -10), human development distribution is more concentrated around two modes, whereas a three-mode-distribution is observed when a large positive values are set to the β parameter. The multidimensional GE measures are then computed to study the evolution of global inequality according to different aggregation schemes. The results are summarized in Fig. 2 which shows the evolution of well-being inequality for the years 1980 to 2011. To facilitate the comparison of results, inequality has been normalised to be 100 in 1980. Different values of the sensitivity parameter have been considered in order to test the robustness of the results, particularly, γ = 1.5, -1, 0. Taking the study period as a whole, our results reveal that human development levels have converged significantly. Concretely, GEM values have decreased between 30% and 50% over the last three decades, depending on the aggregation scheme considered, that is conditioned to degree of substitution between dimensions determined by the β parameter. Fig. 2 also points out that as the degree of substitution decreases, the fall in inequality becomes more pronounced. It is worth noting that the evolution of global inequality has only been stable when β is equal to 10, that is, when it is assumed that a good performance in any dimension eclipses deficiencies in other aspects of well-being. For the other three aggregation schemes considered, three separated phases are roughly distinguishable. As can be observed, global inequality fell until the middle of eighties. This was followed by a decade of stagnation or slight decrease in global well-being inequality when considering the last version and the new definition of the HDI. However, an increase of inequality is observed when the complementary relationship gains force (β = -10). The last fifteen years are characterised by a strong decrease of inequality, thus being the period when almost all reduction took place. To further complete these results, Table 1 present the value of the GEM measures over the study period. As Martínez (2012) states, different constructions of the HDI change the meaning of the indicator and thus, different inequality patterns are also expected. In this respect, it is observed that the new construction of the HDI presents the greatest levels of inequality, whatever the degree of sensitivity contemplated. Regarding the remaining aggregation schemes, it is concluded that as the level of substitutability increases, greater levels of inequality are achieved for any value of γ.
